>-Synuclein is a major component of Lewy bodies in Parkinson disease (PD) and dementia with Lewy bodies (DLB). We recently showed that abnormal >-synuclein with resistance to proteinase K (PK) is deposited at presynapses of distinct brain anatomic regions from the early stages of PD and DLB. NUB1, a synphilin-1Ybinding protein, also accumulates in Lewy bodies, but it is not known whether abnormal >-synuclein is associated with NUB1. Here, we demonstrate that, in the brain of patients with PD and DLB, NUB1 accumulates in the presynapses in the hippocampus, cerebral neocortex, and substantia nigra in which PK-resistant >-synuclein is deposited. Endogenous NUB1 also accumulated with PK-resistant >-synuclein in the presynapses of transgenic mice that express human >-synuclein with an A53T mutation. Immunoelectron microscopy showed that NUB1 is localized to presynaptic nerve terminals where no abnormal filaments are seen. Biochemical analyses showed that NUB1 coexists with abnormal >-synuclein in the brain of DLB patients. These findings suggest that NUB1 along with abnormal >-synuclein is involved in the pathogenesis of Lewy body disease.
INTRODUCTION
>-Synuclein is a soluble protein primarily expressed at the presynaptic nerve terminals (1, 2) . Although the physiological functions of >-synuclein remain uncertain, accumulating data suggest that >-synuclein plays a role in modulation of synaptic plasticity and vesicle pools for multiple neurotransmitters, such as dopamine and glutamate (3Y7). Identification of point mutations and multiplications of the >-synuclein gene in familial Parkinson disease (PD) established its association with the pathogenesis of PD (8Y13). >-Synuclein accumulates as an insoluble, proteinase K (PK)Yresistant protein in neuronal cytoplasm and processes as Lewy bodies (LBs) and Lewy neurites, respectively, in the brain of patients with PD and dementia with LBs (DLB) (14, 15) . Recent studies show that PK-resistant >-synuclein is also present at presynaptic nerve terminals in the brain of patients with PD and DLB but not in control subjects and that the accumulation of PK-resistant >-synuclein in presynapses precedes LB formation in the substantia nigra and hippocampus (16, 17) .
NUB1 was originally isolated as an interacting protein of NEDD8, one of the ubiquitin-like proteins (18) . NUB1 also interacts with an >-synucleinYbinding protein, synphilin-1 (19, 20) . Importantly, both NUB1 and synphilin-1 are localized to >-synucleinYpositive LBs in PD and DLB brains, as well as to glial cytoplasmic inclusions in the brain of patients with multiple system atrophy (21Y23). In contrast, NUB1 and synphilin-1 are not accumulated in >-synucleinYnegative inclusions in other neurodegenerative disorders (22, 23) . These observations imply an association between NUB1 and >-synuclein.
To investigate the possible association between NUB1 and >-synuclein, we performed immunohistochemical, ultrastructural, and biochemical analyses using brain samples from LB disease patients and transgenic (Tg) mice that overexpress human >-synuclein with an A53T mutation (SNCA Tg mice). We found that NUB1 is colocalized with nonfibrillar, PKresistant >-synuclein in presynapses in LB disease patients and SNCA Tg mice.
MATERIALS AND METHODS

Human Subjects
For immunohistochemical analyses, 17 postmortem cases were used. These included 6 PD cases (Braak PD stage 4), 6 DLB cases (Braak PD stage 5 and 6), and 5 normal control subjects (24) (Table) . Brain tissues were fixed with 10% buffered formalin for 3 weeks and embedded in paraffin. Serial 4-Km-thick sections were cut from block samples of the following areas in each case: frontal and temporal neocortices, hippocampus, basal ganglia, thalamus, midbrain, pons, medulla oblongata, and cerebellum.
For biochemical analyses, frozen brain tissues (middle temporal cortex) from 3 patients with DLB (Braak PD stage 6) and 3 age-matched normal control subjects were obtained from the Brain Research Institute, University of Niigata, Japan (Table) . Human brain tissues were dissected at autopsy and immediately frozen at j70-C.
Animals
Tg mice expressing human >-synuclein with an A53T mutation under control of the prion promoter were obtained from Jackson Laboratories, Bar Harbor, ME (25) ; their wildtype littermates were between 1 and 66 weeks old (homozygous mice, n = 30; heterozygous mice, n = 30; control mice, n = 40). Animals were handled and killed in compliance with institutional and national regulations and policies. The protocol was approved by the Institutional Animal Care and Use Committee at Hirosaki University Graduate School of Medicine, Japan. Tg and control mice were transcardially perfused with phosphate-buffered saline (PBS). The brain was removed, and the right hemisphere was fixed with 4% paraformaldehyde for 48 hours. After dehydrating through a graded ethanol series, it was embedded in paraffin and cut into 4-Km-thick sections. Left hemispheres were frozen and stored at j80-C until they were used for biochemical analysis. Most homozygous SNCA Tg mice developed complex motor impairment, leading to paralysis and death around 40 weeks of age or later, whereas most hemizygous SNCA Tg mice remained healthy at least until they were 70 weeks old (25) .
Antibodies
Rabbit anti-NUB1 antibody was generated as previously described (18) . Goat antibodies against NUB1 and synphilin-1 were purchased from Santa Cruz Biotechnology (Santa Cruz, CA). Mouse monoclonal antibodies against phosphorylated >-synuclein (pSyn#64; WAKO, Osaka, Japan) (26), human >-synuclein (LB509; Zymed, South San Francisco, CA) (27) , human and mouse >-synuclein (Syn-1; Transduction Laboratory, Lexington, KY), and synaptophysin (SY-38; Boehringer Mannheim, Mannheim, Germany), and rabbit polyclonal antibodies against A-actin (Sigma, Saint Louis, MO) and NEDD8 (28) were used as primary antibodies.
Expression of Recombinant NUB1 in HeLa Cells
To express human or mouse NUB1 tagged with a Flag epitope, the cDNA of human NUB1 (GenBank accession number AF300717) or mouse NUB1 (GenBank accession number AF534114.1) was subcloned into pcDNA3 (Invitrogen, Carlsbad, CA), tagged with MDYKDDDDK at the N-terminus. The plasmid was transfected into HeLa cells using Fugene 6 (Roche Molecular Biochemicals, Indianapolis, IN). After 24 hours, cells were harvested and lysed with lysis buffer containing 4% SDS.
Immunohistochemistry
Because formic acid pretreatment enhanced anti-NUB1 immunostaining of pathologic inclusions found in LB disease (23), mouse and human tissue sections were pretreated with 99% formic acid (Wako) for 5 minutes or heated by a microwave oven for 15 minutes in 10-mmol/L citrate buffer (pH 6.0) for antigen retrieval. To examine PK-resistant >-synuclein, PK (Gibco BRL, Gaithersburg, MD; 50 Kg/ml) was then applied to the sections. In brief, mouse and human sections were incubated in PK buffer (10-mmol/L Tris-HCl, pH 7.8, 100-mmol/L NaCl, 0.1% Nonidet-P40) for 5 and 10 minutes, respectively, at 37-C. The sections were then subjected to immunohistochemical staining using the avidinbiotin-peroxidase complex method with diaminobenzidine as the chromogen. Antibodies against NUB1 (diluted at 1:100), pSyn#64 (1:5,000), LB509 (1:1000), Syn-1 (1:1000), NEDD8
(1:50), synphilin-1 (1:100), and SY-38 (1:1000) were used as primary antibodies. The sections were counterstained with hematoxylin. Double immunofluorescent staining was performed to detect coexpression of NUB1 with synaptophysin. For this purpose, sections were blocked with horse serum and then incubated overnight at 4-C with mouse antisynaptophysin. After washing for 3 minutes 5 times with PBS, the sections were incubated for 1 hour with Alexa Fluor 488Yconjugated secondary antibody (Invitrogen). After a PBS rinse, the sections were examined by a confocal microscope (EZ-Ci; Nikon, Tokyo, Japan). After taking pictures, sections were washed 5 times, treated with 99% formic acid, and incubated overnight at 4-C with rabbit anti-NUB1 antibody. After washing, the sections were incubated with Alexa Fluor 548Yconjugated secondary antibody, mounted with Fluoromount G (Southern Biotechnology, Inc, Birmingham, AL), and reexamined. The identical regions were captured and merged using Adobe Photoshop CS5 software (Adobe Systems, San Jose, CA).
Immunoelectron Microscopy
Seven-week-old Tg mice (n = 3) were anesthetized with pentobarbital sodium (50 mg/kg) and transcardially perfused with 4% paraformaldehyde and 0.1% glutaraldehyde in 0.1-mol/L phosphate buffer, pH 7.4. The brains were removed, and sections of the hippocampus were cut at 50-Km thickness with a vibratome. The sections were incubated with rabbit anti-NUB1 (1:50) for 2 days at 4-C. Some sections were incubated with a biotinylated secondary antibody (1:200) and avidin-biotin complex (1:200). The reaction was developed with DAB (0.1 mg/ml) containing 0.0015% H 2 O 2 . The immunolabeled sections were postfixed in 1% glutaraldehyde and 1% osmium. The other sections were incubated with a 1.4-nm gold-coupled Fab ¶ fragment of goat anti-rabbit IgG (Nanoprobes, Yaphank, NY). Sections were visualized using a silver enhancing kit (BBInternational, Cardiff, UK), postfixed in 1% OsO 4 , and stained with uranyl acetate. All sections were dehydrated in ethanol and embedded in epoxy resin. Finally, ultrathin sections were cut from the resin and viewed with a Hitachi H-300 electron microscope (Hitachi, Tokyo, Japan).
Fractionation of Brain Extracts
Frozen brain samples from the patients with DLB and controls were weighed and sequentially extracted with buffers of increasing strength as previously described (29) . Briefly, samples were homogenized with 10 volumes of buffer A (10-mmol/L Tris-HCl, pH 7.5, 1-mmol/L EGTA, 10% sucrose, 0.8-mol/L NaCl) with the protease inhibitor cocktail (Roche Applied Science) and centrifuged (Fraction 1). Afterward, another equal volume of buffer A containing 2% Triton X-100 was added. It was then incubated for 30 minutes at 37-C and spun at 100,000 Â g for 30 minutes at 4-C (Fraction 2). The resultant pellet was homogenized in 5 volumes of buffer A with 1% sarkosyl and incubated for 30 minutes at 37-C. The homogenate was then spun at 100,000 Â g for 30 minutes at room temperature (RT) (Fraction 3). The sarkosyl-insoluble pellet was homogenized in 4 volumes of buffer A containing 1% 3-[(3-cholamidopropyl) dimethylammonio] propanesulfonate and spun at 100,000 Â g for 20 minutes at RT (Fraction 4). The pellet was sonicated in 1.5 volumes of 8-mol/L urea buffer (Fraction 5).
Sucrose Gradient Analysis
We performed sucrose gradient method as previously described (17) . Briefly, the temporal neocortex (0.5 g) from the DLB and control subjects was homogenized in Trisbased buffer (Tris-HCl, pH 7.5, 150-mmol/L NaCl) containing 3-mmol/L CaCl 2 , 1-mmol/L EDTA, 1-mmol/L EGTA by a Dounce homogenizer for 20 strokes. Tissue homogenates were layered on a linear sucrose gradient (1.2Y2.2 mol/L) and centrifuged at 160,000 Â g for 2 hours at 4-C using a swing-type rotor S40T (Himac CP-56; Hitachi). Each fraction was collected from the bottom.
Western Blot Analysis
After SDSYpolyacrylamide gel electrophoresis, Western blot analysis was performed as previously described (30) . Transfer and detection were carried out according to the protocol provided with the ECL detection system (Amersham Pharmacia Biotech, Piscataway, NJ). Goat anti-NUB1 (1:100), rabbit anti-NUB1 (1:1000), LB509 (1:1000), Syn-1 (1:1000), and rabbit anti-actin (1:3000) were used as primary antibodies. Horseradish peroxidaseYconjugated anti-mouse, anti-rabbit, or anti-goat IgG (Santa Cruz Biotechnology) was used as a secondary antibody.
Filter-Trap Analysis
For the detection of aggregated >-synuclein, we modified the previously described filter-trap analysis (20) . Briefly, each fraction of sucrose gradient analysis was subjected to digestion with DNase I (10 Kg/ml; AppliChem, Darmstadt, Germany) in Tris-based buffer for 15 minutes at 37-C and lysed in PK buffer without PK at RT for 10 minutes. The samples were immediately applied to a 0.22-Km cellulose acetate membrane (Millipore, Bedford, MA) on a slot blot apparatus (Bio-Rad, Hercules, CA) using a vacuum manifold. After washing, the membrane was incubated with LB509 and detected by the ECL detection system described previously. Semiquantitation of positive signals was done by image analysis using the ImageJ software (National Institutes of Health, Bethesda, MD). All values were represented as mean T SD. Statistical significance was evaluated using the Student t-test when comparing 2 conditions. p G 0.05 was considered significant.
RESULTS
Antibody Specificity
Rabbit anti-NUB1 antibody specifically recognized both human and mouse NUB1. Goat anti-NUB1 antibody reacted with human NUB1 but not with mouse NUB1 (Fig. 1) ; therefore, we used rabbit anti-NUB1 antibody for immunohistochemical studies.
Immunoreactivity of NUB1 and >-Synuclein in Human Brains
Our previous immunohistochemical studies showed that the anti-NUB1 antibody strongly immunolabels LBs and Lewy neurites in which >-synuclein is highly accumulated (23) . Anti-NUB1 antibody barely or weakly immunostained the neuronal perikarya in controls (Figs. 2A, F , K, and P). In PD and DLB, however, the anti-NUB1 antibody intensely immunolabeled LBs and Lewy neurites in the cerebral neocortex, hippocampus, and brainstem (Figs. 2B, G, and Q). The 
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There is no difference in synphilin-1 immunoreactivity between control (G) and Tg (H) mice. Scale bars = 100 Km.
anti-NUB1 antibody also immunolabeled presynapses in the temporal neocortex, hippocampus, and substantia nigra in PD and DLB brains (Figs. 2B, G, L, and Q). This presynaptic staining was clearly observed in the hippocampal CA4 region and substantia nigra (Figs. 2L, Q) . The staining intensity of presynapses was much stronger in DLB brains than in PD brains (data not shown). In LB disease, the presynaptic NUB1 was detected predominantly in the temporal neocortex, hippocampus, and substantia nigra and minimally in other regions tested (data not shown).
Proteinase KYresistant >-synuclein was detected in pathologic inclusions (Lewy bodies, Lewy neurites, and Lewy dots) as well as diffuse neuropil staining, corresponding to presynaptic nerve terminals (Figs. 2C, H , M, and R), particularly in the hippocampal CA4 region and substantia nigra (Figs. 2M, R) . Importantly, antiYphosphorylated >-synuclein antibody strongly immunolabeled PK-resistant >-synuclein in pathologic inclusions (Figs. 2D, I ), but barely immunolabeled PK-resistant >-synuclein in presynaptic nerve terminals (Figs. 2N, S) . NUB1 interacts with synphilin-1 (20), but 
Immunoreactivity of NUB1 and Abnormal >-Synuclein in SNCA Tg Mice
Hippocampal sections were prepared from wild-type and SNCA Tg mice to determine whether NUB1 and PKresistant >-synuclein are accumulated. Proteinase K treatment completely abolished the immunoreactivity of wild-type >-synuclein (Fig. 3A vs C) . In Tg mice, however, although PKresistant >-synuclein was not found in pathologic inclusions, it was detected in presynaptic nerve terminals, particularly in the hippocampus (Figs. 3B, D) (17) . Presynaptic accumulation of PK-resistant >-synuclein was also observed in the cerebral cortex (data not shown). Surprisingly, NUB1 was found to be deposited in the hippocampus in Tg mice but not in controls (Figs. 3E, F) . NUB1 was similarly distributed both in heterozygous and homozygous Tg mice. There was no obvious alteration of synphilin-1 immunoreactivity in the Tg mice (Figs. 3G, H) .
Because the distribution of NUB1-positive punctate structures resembled presynaptic staining pattern, we carried out an immunohistochemical analysis using an antibody against synaptophysin, a presynaptic marker protein. As expected, the staining pattern of synaptophysin was identical to that of NUB1 (Fig. 4) , indicating that endogenous NUB1 was deposited together with PK-resistant >-synuclein in presynaptic nerve terminals in Tg mice.
Developmental Accumulation of NUB1 in SNCA Tg Mice
Proteinase KYresistant >-synuclein deposited in presynapses in Tg mice even at the age of 1 week (data not shown). To determine when NUB1 starts depositing at presynapses, Immunoelectron micrographs for NUB1 of the mossy fiber terminals in the hippocampal CA3 region of 7-week-old SNCA Tg mice using 3,3 ¶ diaminobenzidine reaction (D) and silver enhancement method (E). The immunolabeling is distributed throughout the presynaptic terminal (D). Silver-enhanced deposits (arrowheads) are associated with synaptic vesicles; no aberrant aggregates are seen in the terminals. Rabbit anti-NUB1 antibody was used for A to E. Scale bars = 100 Km (AYC); 500 nm (D, E).
hippocampal sections from a series of young Tg mice (1, 3, and 6 weeks old) were immunostained with anti-NUB1 antibody. Presynaptic NUB1 deposits were observed at ages of 3 and 6 weeks, but not at the age of 1 week. By immunoelectron microscopy, presynaptic deposits of NUB1 in the hippocampus of SNCA Tg mice were localized to synaptic vesicles and the cytoplasm adjacent to vesicles (Figs. 5D, E) . Importantly, despite an extensive search, no filamentous structures were found in NUB1-positive presynapses (Fig. 5E ).
Biochemical Analyses of NUB1 in DLB
Previous reports showed that >-synuclein is modified by ubiquitination, phosphorylation, and nitration (26, 31, 32) , generating insoluble >-synuclein in DLB brain (33) . We fractionated the brain samples using increasing detergent strengths. Immunoblotting showed that the solubility of >-synuclein was altered in Fraction 5 of DLB brains, consistent with a previous report (33) (Fig. 6A) . Importantly, NUB1 was strongly detected in insoluble protein Fraction 5 both in DLB and in controls, and its amount was increased in DLB versus that in controls (Fig. 6A) . Decreased levels of NUB1 versus age-matched controls were found in SNCA Tg mice (Fig. 6B) , and quantitative data supported the conclusion that the amount of NUB1 was significantly decreased in SNCA Tg mice (Fig. 6C) . Therefore, we performed fractionated examination but were not able to find differences of solubility between SNCA Tg mice and controls (Fig. 6D) . It is noteworthy that the detergent solubility of mouse NUB1 is different from that of human NUB1, that is, mouse NUB1 was detected only in soluble fractions (Fig. 6D, Fractions 1Y3) . Considering that >-synuclein was not detected in the insoluble fraction in SNCA Tg mice, the biochemical property of molecular components such as NUB1 and >-synuclein seem to differ between human subjects and model mice.
Finally, we performed sucrose density gradient analysis using human frozen tissues. It is known that there is a higher density of >-synuclein in DLB versus controls (16, 17) .
Indeed, filter-trap assay demonstrated that abnormally aggregated >-synuclein existed in all fractions in DLB (Figs. 6E, F) . NUB1 was mainly localized to Fractions 14 to 18 in controls and DLB (Fig. 6G) . In addition, however, NUB1 was distributed to Fractions 1 to 13 only in DLB. Quantitative analysis implied that the distribution pattern of NUB1 was similar to that of abnormally aggregated >-synuclein (Fig. 6F) .
DISCUSSION
We demonstrated that NUB1 is colocalized with PKresistant >-synuclein at presynapses in LB disease patients and SNCA Tg mice but not in controls. >-Synuclein is phosphorylated in pathologic inclusions such as LBs and Lewy neurites of LB disease (26) . Ultrastructurally, phosphorylated >-synucleinYpositive inclusions are composed of filamentous structures (10Y16 nm in diameter) in SNCA Tg mice (25) . Our immunoelectron microscopy revealed that no filamentous structures are seen in NUB1-positive presynapses in SNCA Tg mice, suggesting that fibril formation does not participate in acquiring PK resistance of >-synuclein and that NUB1 coexists with abnormal >-synuclein without fibril formation in presynapses in LB disease.
What causes the accumulation of NUB1 in presynapses in LB disease? Although >-synuclein is primarily expressed at presynaptic nerve terminals, ''normal or physiological'' >-synuclein is unlikely to be associated with NUB1. This is supported by our previous findings that >-synuclein does not interact with NUB1 in yeast cells (23) . Furthermore, overexpression of wild-type or mutant >-synuclein had no effect on the subcellular localization of endogenous NUB1 in mammalian cells (unpublished data). Alternatively, it is possible that abnormal (i.e. PK-resistant) >-synuclein plays a crucial role in the alteration of NUB1 distribution. In support of this hypothesis, we found that NUB1 accumulates in the same regions where PK-resistant >-synuclein does. Biochemical analyses further indicated that NUB1 coexists with abnormal >-synuclein in almost all fractions from DLB The hippocampal region was removed from the brains of hemizygous SNCA Tg mice and controls (male, 10, 32, and 66 weeks old) and lysed in 4% SDS sample buffer. Samples were analyzed by immunoblotting using rabbit anti-NUB1, antiY>-synuclein (Syn-1 and LB509), and A-actin. The amounts of endogenous NUB1 increase with age in both Tg and control mice. NUB1 expression is decreased in SNCA Tg mice compared with controls. (C) Quantitative analysis showing that the amount of NUB1 is significantly reduced in SNCA Tg mice and the amount of >-synuclein is È2.5 times higher in Tg mice than that in controls. Values were normalized to the amount of actin. The value in SNCA Tg mice (Lane 1) is defined as 100% in immunoreactive densities of NUB1 and >-synuclein, respectively. Open and solid bars indicate expression levels of NUB1 and >-synuclein, respectively. *, p G 0.01 for age-matched comparisons. (D) Sequential fractionation of the hippocampal region from brains of hemizygous SNCA Tg mice and controls (male, 66 weeks old) reveals that mouse NUB1 is mainly composed of a soluble form (Fractions 1Y3). >-Synuclein is also seen in soluble fractions in both SNCA Tg and control mice. A-Actin is used as control for loading amount. Rabbit anti-NUB1 antibody was used in these studies. (E) After a sucrose density gradient centrifugation, samples were applied to a cellulose acetate membrane on a slot blot apparatus. Filter-trap analysis shows abnormal >-synuclein in almost all fractions in a DLB patient brain (Case 23); lower-density fractions contain >-synuclein in a control (Case 19 brains, but not from control subjects. Furthermore, deposition of presynaptic PK-resistant >-synuclein preceded that of NUB1 in SNCA Tg mice. Taken together, >-synuclein may change its conformation at presynapses, resulting in the alteration of susceptibility to PK, and subsequently, NUB1 is recruited to the corresponding presynapses.
It is noteworthy that presynaptic PK-resistant >-synuclein is unlikely to be phosphorylated or ubiquitinated, raising the question of how NUB1 recognizes presynaptic PK-resistant >-synuclein. Given that PK treatment has a large effect on differentiation of normal prion protein from the abnormal form (34) , it is plausible that presynaptic >-synuclein changes its conformation in distinct brain regions in LB disease. Actually, >-synuclein aggregates into a A-pleated sheet conformation in vitro and within LBs and glial cytoplasmic inclusions (15, 35Y37). Hidalgo-de-Quintana et al (38) reported that NUB1-binding protein, aryl-hydrocarbon receptor interacting protein-like 1 (AIPL1) functions as a cochaperone protein in cooperation with the molecular chaperone Hsp70. Moreover, NUB1 also coexists with another molecular chaperone, Hsp90, in a fraction with a molecular mass of approximately 443 to 669 kd in retinoblastoma cells (38) . This raises the possibility that a chaperoning machinery containing NUB1 recognizes abnormal >-synuclein through chaperone activity in the presynapses.
In addition to AIPL1, NUB1 and NUB1L (the latter being a longer isoform with additional 14 amino acids) are known to bind several molecules such as synphilin-1, NEDD8, FAT10, and UbC1 (20, 28, 39Y41) . Although synphilin-1 is a presynaptic protein, we found no alteration in the distribution of synphilin-1 in SNCA Tg mice. Our previous study showed that NUB1 suppresses the formation of LB-like inclusions by accelerating synphilin-1 degradation in cultured cells (20) . Thus, we cannot rule out the possibility that NUB1 efficiently degrades synphilin-1, resulting in no synphilin-1 immunoreactivity in presynapses of SNCA Tg mice.
In conclusion, we provide evidence that NUB1 coexists with abnormal, PK-resistant >-synuclein in LB disease patients and SNCA Tg mice. Because occurrence of presynaptic PK-resistant >-synuclein precedes >-synuclein modified with phosphorylation in distinct brain regions in human LB disease, NUB1 may recognize abnormal >-synuclein from the early stage of protein aggregation. Further study is needed to test this hypothesis and to elucidate the involvement of these 2 closely related proteins in the pathobiology of LB disease.
